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Abstract

Objective: Early detection and prognosis prediction are critical to improve patient survival in
pancreatic cancer. This study aimed to investigate whether interleukins could serve as indicators
of prognosis in pancreatic cancer.

Methods: Sixty-eight patients with pancreatic cancer were enrolled in the study during the
period between 2012 and 2014. The serum levels of a broad spectrum of interleukins in these
patients were determined, including IL-1f, IL-2, IL-6, IL-8, IL-10, IL-13, IL-15, and IL-23.
Results: IL-6, IL-8, and IL-10 showed significant positive correlations with each other. Moreover,
high levels of serum IL-6, IL-8, and IL-10 were independently strongly associated with poor
survival of patients with pancreatic cancer.

Conclusions: Our results suggest that serum levels of IL-6, IL-8, and IL-10 could be useful
markers for prediction of prognosis in patients with pancreatic cancer.
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Introduction

Pancreatic cancer is the fourth most
common cause of cancer-related mortality
in Europe and the United States;' its fatal-
ity rate is nearly 100%, which is likely
because of the difficulty of early diagnosis,
as well as high rates of metastasis and
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therapeutic resistance.>> Moreover, its
S-year survival rate is approximately 5%,
and the median survival period is less than
6 months for most patients.® Pancreatic
cancer is estimated to become the second
leading cause of cancer death in the
United States by 2020.* Early detection
and prediction of prognosis are critical for
improving patient survival in pancreat-
ic cancer.

The interleukins are an important group
of cytokines, many of which play crucial
roles in transmission of information,
regulation of immune cell activation, and
regulation of the inflammatory response.
It has been reported that many interleukins
are associated with the promotion of metas-
tasis and angiogenesis, poor pPrognosis,
and 1immune evasion; these include
pro-inflammatory and anti-inflammatory
cytokines, such as IL-1p, 1L-6, IL-8, and
IL-10.5 " Notably, increasing evidence sug-
gests that changes in interleukin expression
are associated with poor prognosis in
advanced pancreatic cancer.®’

In this study, we examined serum levels
of a broad spectrum of interleukins in 68
patients with pancreatic cancer—including
IL-1p, IL-2, IL-6, IL-8, IL-10, IL-13, IL-15,
and IL-23—in order to investigate the asso-
ciation between interleukins and poor prog-
nosis in pancreatic cancer.

Materials and methods

Patients

Patients with pancreatic cancer who were
treated in Fudan University Shanghai
Cancer Center (FUSCC) were enrolled in
our study. Patients with immunosuppres-
sive diseases and immunosuppressive
drugs were excluded from the present
study. The Clinical Research Ethics
Committee of FUSCC approved this
study (050432-4-1212B) and all patients
provided  written informed consent.

Relevant clinicopathological features, such
as age, sex, tumor location, and TNM
stage, were recorded for each patient.
Clinicopathological features were classified
by using the criteria of the Union for
International Cancer Control (UICC) (sev-
enth edition). Overall survival (OS) was
defined as the time from the diagnosis to
the date of death or last contact.

Interleukin assays

Five milliliters of peripheral venous blood
were taken from the patient’s arm; serum
was collected by centrifugation for
15 minutes at 1000 x g, then stored at
—80°C until use. The serum levels of inter-
leukins (IL-18, IL-2, IL-6, IL-8, IL-10, IL-
13, IL-15, and IL-23) were measured by
using the Q-Plex multiplex array (Quansys
Biosciences, Logan, UT, USA) on a Q-View
Imager (Quansys Biosciences), in accor-
dance with the manufacturer’s protocol.
Briefly, a series of 1:2 dilutions were made
of various interleukins with known concen-
trations, in order to generate a calibration
curve. Fifty microliters of calibrators and
samples per well were added into the
Q-Plex™ Array 96-well plate and incubat-
ed for 1 hour at room temperature; the
plate was then washed and incubated with
detection mix for 1 hour at room tempera-
ture. Next, the plate was successively incu-
bated with streptavidin-HRP and substrate
mix for 15 minutes each at room tempera-
ture. Finally, the plate was imaged by using
a 270-second exposure time on a Q-View ™
Imager LS. Interleukin concentrations were
analyzed by Q-View ™ software.

Statistical analyses

Correlations of clinicopathological parame-
ters and interleukin expression levels were
analyzed by using Spearman’s y° test.
Survival curves were calculated by the
Kaplan-Meier method and compared by
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log-rank tests. The Cox multivariate model
was used to assess the relationships between
risk factors and survival. Data were analyzed
with IBM SPSS Statistics for Windows, ver-
sion 22.0 (IBM, Armonk, NY, USA).
Statistical significance was set at p<0.05.

Results

Patient characteristics

Sixty-eight patients with pancreatic cancer
were enrolled in the study between 2012

and 2014. Among those patients, 23 were
female, while 45 were male. The tumor
stages comprised 23 cases of TNM III
(33.8%) and 45 cases of TNM IV
(66.2%); the tumor was located in the
head and neck of the pancreas in 29 patients
(42.6%), and in the body and tail of the
pancreas in 39 patients (57.4%). The ages
of the patients ranged from 28 to 82 years
old; most were between 55-60 years old
(Figure 1a). In addition, the survival peri-
ods of most patients (75%) were less than 1
year (Figure 1b).
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Figure I.

General characteristics of age and overall survival among all patients.
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Interleukin expression levels

Levels of each interleukin were evaluated in
all 68 patients; serum interleukin concentra-
tions are shown in Figure 2. We explored
the associations between survival time and
interleukin expression levels; only levels of
IL-6, 1L-8, and IL-10 showed significant
correlations with survival time (p<0.001
for all) (Table 1). Additionally, we exam-
ined the relationships between interleukin
levels (IL-6, 1L-8, and IL-10) and clinico-
pathological features, including sex, age,
tumor location, and TNM stage; impor-
tantly, no significant correlations were
found (Table 2). Intriguingly, 1L-6, IL-8,
and IL-10 showed significant correlations
with each other (p<0.001 for all) (Table 3).

Relationships between patient prognosis
and levels of IL-6, IL-8, and IL-10
To further investigate the correlations

between the levels of IL-6, IL-8, and IL-10
and the survival of pancreatic cancer

2500: .
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patients, we performed univariate Cox
analysis and Kaplan-Meier curves with
log-rank analysis for OS. Patients with
high IL-6, IL-8, or IL-10 expression (great-
er than median expression levels) exhibited

Table 2. Relationships between expression of
IL-6, IL-8, and IL-10 and various clinicopathologi-
cal features.

IL-6 IL-8 IL-10

TNM stage

Correlation coefficient  0.16 0.134 0.157

Sig. 0.195 0.277 0.201
Sex

Correlation coefficient  0.077 0.021 —0.015

Sig. 0.536 0.862 0.905
Age

Correlation coefficient  0.141  —0.044 0.136

Sig. 0.254 0.719 0.267

Survival time

Correlation coefficient —0.516%* —0.414%F —0.43|**

Sig. <0.001 <0.001 <O0.00I
Location

Correlation coefficient  0.08 0.181 —0.02

Sig. 0.52 0.139 0.872

Table 3. Correlations among expression levels of
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Table I. Relationships between cytokine expression and survival time.
IL-18 IL-2 IL-6 IL-8 IL-10 IL-13  IL-15 IL-23
Survival time
Correlation coefficient  0.047 —0.02 —0516% —0414* —0.431* 0021 —0.158 0.046
Sig. 0.706 0.87 <0.001 <0.001 <0.001 0.867 0.199 0.707
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a significantly shorter survival time, com-
pared with patients with low expression
(less than median expression levels)
(p<0.001 for IL-6, p<0.01 for IL-8, and
p<0.05 for IL-10) (Figure 3). Univariate
Cox analysis revealed that a high expression
level of either IL-6, IL-8, or IL-10 was asso-

ciated with  poor survival (IL-6:
HR=0.204, 95% CI. 0.107-0.410,
p<0.001; IL-8: HR=0.303, 95% CI:

0.135-0.683, p<0.01; IL-10: HR =0.336,
95% CI: 0.125-0.900, p<0.05) (Table 4
and Figure 3).

Discussion

Pancreatic cancer is a highly malignant
digestive system tumor with rapid progres-
sion and poor prognosis.* Therefore, the
identification of predictive markers for
patient prognosis is critical for therapeutic
approach in pancreatic cancer. In this
study, we found that serum expression
levels of IL-6, IL-8, and IL-10 were associ-
ated with OS in patients with pancreatic

(@)

cancer. High levels of IL-6, IL-8 or IL-10
were positively correlated with poor prog-
nosis in pancreatic cancer.

IL-6 is an important interleukin secreted
by macrophages, T cells, and B cells, as well
as many other cells; notably, it can act as
either a pro-inflammatory cytokine or an
anti-inflammatory myokine.'? It can regu-
late immune response, acute phase
response, and hematopoietic function; fur-
thermore, it can play an important role in
the body’s anti-infection and immune
response. Dysregulation of IL-6 expression
can cause many diseases, and its clinical

Table 4. Univariate analyses for overall survival
according to interleukin levels in patients with
pancreatic cancer.
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Figure 3. IL-6, IL-8, and IL-10 levels were associated with overall survival (OS) in patients with pancreatic
cancer. Kaplan-Meier curves (a) and Hazard ratios (b) for OS for all cases. The median level for each group

was selected as the cut-off.
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manifestations primarily include elevated
IL-6 levels at the onset of disease.'*'*
Elevated IL-6 levels are associated with
tumor development, degree of rejection,
and treatment outcome.'>'® In addition,
previous studies have revealed that IL-6
level is an potential prognostic factor in
pancreatic cancer,' renal cell cancer,
and ovarian cancer;*""** moreover, serum
levels of IL-6 and IL-1f can predict the effi-
cacy of gemcitabine in patients with
advanced pancreatic cancer.”> In this
study, we found that a high level of serum
IL-6 was correlated with shorter survival
and worse prognosis in pancreatic cancer.
However, serum levels of IL-1f did not
show a significant correlation with poor
patient survival in our study.

IL-8 is an important mediator of inflam-
matory diseases, which plays an important
role in anti-infection, immune response,
and tumor suppression. IL-8 also has
strong chemotactic effects on specific and
nonspecific immune cells; these primarily
comprise chemotactic and activating effects
on neutrophils, as well as chemotactic
effects on lymphocytes and basophils. As
a major inflammatory factor, significantly
elevated levels of IL-8 are found at sites of
inflammation and serum in the presence of
infection and certain autoimmune dis-
eases.”* IL-8 also functions in the prolifer-
ation of normal cells and tumor cells.
Recent studies have shown that IL-8 can
promote the development of various can-
cers, such as pancreatic cancer, nasopha-
ryngeal tumor, colorectal cancer, and lung
cancer;*> *® notably, it serves as a prognos-
tic marker in several cancers.”’ !
Consistent with previous studies, the pre-
sent study showed that a high level of
serum IL-8 was predictive of shorter surviv-
al times and poor prognosis in pancreat-
ic cancer.

IL-10 is a negative regulatory factor, pri-
marily secreted by Th2 cells, activated B
cells, monocytes, and macrophages; it is

involved in immune response, tumor devel-
opment, and other biological regulation.’?
Importantly, IL-10 also plays a role in
autoimmune diseases, serious infectious dis-
eases, and transplantation immunity; IL-10
acts as a growth factor in certain tumor
cells (e.g., myeloma cells), and maintains
cell growth and proliferation.*>** TL-10
has been reported to serve at the crossroads
of immune stimulation and immune sup-
pression in cancer, as well as development
of tumor metastasis.*> >’ A high level of
serum interleukin-10 was associated with
poor prognosis in multiple myeloma®® and
thyroid cancer.*® Similarly, we found that a
high level of serum IL-10 was associated
with poor prognosis in pancreatic cancer.

IL-6, IL-8, and IL-10 are all involved in
the inflammatory response; we found that,
in patients with pancreatic cancer, the
expression levels of these three interleukins
were significantly positively correlated with
each other, implying a role for inflamma-
tion in the development of pancreatic
cancer. Chronic pancreatitis is closely cor-
related with pancreatic cancer in clinical
analyses. A prior study analyzed 1663
patients with pancreatic cancer and found
that the risk of pancreatic cancer increased
by 7.2-fold among patients with pancreati-
tis; this risk increased by up to 10-fold in
patients older than 55 years of age.*
Similarly, our results showed a significant
positive correlation between high levels of
IL-6, IL-8, or IL-10 and poor prognosis in
patients with pancreatic cancer. Thus,
attenuation of the inflammatory response
through inhibition of the expression of
important inflammatory factors, such as
IL-6, IL-8, or IL-10, may improve
patient prognosis.

IL-13, IL-15, and IL-23 have been sug-
gested as potential independent prognostic
factors for OS in several cancers.*'™
However, none of these interleukins
showed significant correlations with the
OS of patients with pancreatic cancer in
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the present study. Nevertheless, certain lim-
itations must be considered in future stud-
ies. The main limitation of the present study
was the limited number of patients, which
may influence the statistical evaluation and
strength of correlations between serum
levels of interleukins and OS. A larger
sample size is necessary to confirm the reli-
ability of the present findings.

Taken together, our results suggested
that high levels of serum IL-6, IL-8, or
IL-10 were strongly associated with poor
survival, and that these cytokines can be
regarded as useful markers to predict prog-
nosis in patients with pancreatic cancer, as
well as potential therapeutic targets.
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